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a b s t r a c t

Commercial disposal of animal wastes by application to agricultural soils is well-known to

increase soil nutrient concentrations and the potential for water pollution. Less is known of

whether or how commercial animal waste disposal affects microbial populations in soil.

This study was undertaken to determine whether commercial applications of liquid swine

waste to pasture soils in Mississippi, USA, influence fungal population levels, and whether

these are related to major differences in soil nutrient concentrations induced by commercial

waste disposal. Colonies of culturable fungi were assayed by dilution plating from samples

of soil, with and without applied swine waste, collected from pastures on three commercial

swine farms early and late in the summer growing season in each of three years. Fungal

population levels observed among 180 samples were 2.80–43.27 � 104 colony-forming units

per gram of soil. Population levels of total fungi, or groups and species of Aspergillus,

Fusarium, Penicillium, and Trichoderma, did not differ significantly between waste treatments

in more than 2 of 18 sampling events. Concentrations of P, K, and Na were always

significantly greater, often by 5–10-fold, in waste-treated than in untreated soils; levels

of Mg, Cu, and Zn were frequently greater; and levels of N, Ca, Fe, and Mn were seldom or

never greater. However, fungal population levels in soil were not correlated with concen-

trations of any of these nutrients in more than 2 of 18 sampling events. Results indicate that

culturable fungi represent a stable component of the soil microflora for which population

levels seldom change in response to commercial swine waste disposal or the major

differences in soil nutrient concentrations that result from it.

Published by Elsevier B.V.
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1. Introduction

Concentrated animal production, in which large numbers of

cattle, swine, and poultry are raised in year-around indoor

confinement, has become commonplate in American agricul-

ture since the middle of the 20th century. In the southeastern

USA, frequently >250,000 chickens or 20,000 hogs are raised
* Tel.: +1 662 320 7424; fax: +1 662 320 7544.
E-mail address: rpratt@ars.usda.gov.

0929-1393/$ – see front matter. Published by Elsevier B.V.
doi:10.1016/j.apsoil.2007.10.013
indoors at single locations. The storage and disposal of large

quantities of wastes generated from these animals daily,

without causing environmental damage, is a major liability of

production.Transportationofwastestodistant locationsforuse

or disposal is uneconomical; therefore, most animal wastes are

disposedbyrepeated applicationstopastures atclose proximity

to production sites (Evers, 1996; Poore and Green, 1996).

mailto:rpratt@ars.usda.gov
http://dx.doi.org/10.1016/j.apsoil.2007.10.013
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Application of animal wastes to the same soils for many

years may profoundly affect soil chemistry. Although most

animal manures are suitable for use as fertilizers, their

nutrient contents do not correspond well to plant growth

needs on account of high levels of P, K, and some micro-

nutrients relative to N (Evers, 1996; Pierzynski et al., 2000).

Consequently, as documented in numerous studies, applica-

tions of animal waste may increase P, K, and certain

micronutrient levels in soils despite repeated harvests of

hay intended to remove them (King et al., 1990; Sharpley et al.,

1999). Movement of P from overloaded soils into surface

waters then may lead to eutrophic pollution and loss of

environmental quality (Evers, 1996; Pierzynski et al., 2000;

Sharpley et al., 1999).

Less is known of whether or how commercial animal waste

applications affect populations of microorganisms in soil.

Although numerous studies have evaluated effects of animal

wastes on soil microorganisms, in most of these, wastes were

applied as individual treatments, usually along with other

wastes, byproducts, organic materials, and fertilizers, in

controlled experiments in the field (Acosta-Martinez and

Harmel, 2006; Schnürer et al., 1985; Bulluck and Ristaino, 2002;

Pérez-de-Mora et al., 2006; Ros et al., 2003; He et al., 1997) and

laboratory (Lovell and Jarvis, 1996; Larkin et al., 2006; Entry

et al., 1997) and not studied on actual commercial application

sites. Effects of animal wastes on microbial populations and

activities in controlled experiments have been evaluated by

soil dilution plating (Bulluck and Ristaino, 2002); direct

microscopic observation (Schnürer et al., 1985); quantification

of organic C, N, and P (Acosta-Martinez and Harmel, 2006;

Pérez-de-Mora et al., 2006; Ros et al., 2003; Schnürer et al., 1985;

He et al., 1997; Lovell and Jarvis, 1996; Entry et al., 1997);

respiration (Lovell and Jarvis, 1996; Ros et al., 2003; Schnürer

et al., 1985); microbial enzyme activities (Pérez-de-Mora et al.,

2006; Acosta-Martinez and Harmel, 2006; Schnürer et al., 1985);

levels of fatty acid markers (Larkin et al., 2006; Acosta-

Martinez and Harmel, 2006), and substrate utilization (Larkin

et al., 2006; Ros et al., 2003).

Principal results from these and similar studies are that

animal wastes, when applied to soil alone or with other wastes

and amendments, usually increase the following parameters

of microbial biomass and activity: (1) microbial biomass C, N,

and/or P (Acosta-Martinez and Harmel, 2006; Pérez-de-Mora

et al., 2006; Ros et al., 2003; Schnürer et al., 1985; He et al., 1997;

Lovell and Jarvis, 1996); (2) population levels, observable

structures, or fatty acid concentrations of microorganisms

(Schnürer et al., 1985; Bulluck and Ristaino, 2002; Acosta-

Martinez and Harmel, 2006; Larkin et al., 2006); (3) substrate

utilization and respiration (Ros et al., 2003; Lovell and Jarvis,

1996; Larkin et al., 2006); and (4) microbial enzyme activity

(Acosta-Martinez and Harmel, 2006; Pérez-de-Mora et al.,

2006). Increases in microbial biomass or activity also were

related to increased soil organic matter (Schnürer et al., 1985),

organic C (Pérez-de-Mora et al., 2006; Ros et al., 2003), mineral

N (Lovell and Jarvis, 1996; Entry et al., 1997), and cellulose

degradation (Entry et al., 1997). However, some studies have

reported different results for several of these parameters

(Acosta-Martinez and Harmel, 2006; Entry et al., 1997), and in

nearly all studies, significant differences between various

waste treatments were observed.
Several studies have specifically evaluated effects of

animal wastes on fungi in soil, and results were remarkably

similar despite major differences in location, environment,

animal wastes, and assay methods for fungal population

levels or biomass (Bittman et al., 2005; Bulluck and Ristaino,

2002; De Vries et al., 2006; Entry et al., 1997; Marschner et al.,

2003; Schnürer et al., 1985). In all instances, application of

animal wastes either caused no increases in total measurable

fungi, fungal structures, or indicator compounds, or else ratios

of fungi to bacteria decreased as levels of organic or inorganic

N increased. When bacteria were measured, in all instances

their populations increased in response to animal wastes or N

levels, whereas populations of total detectable fungi in soil did

not. In one study, propagules of Trichoderma greatly increased

in response to a swine manure amendment, but populations

of Fusarium or total culturable fungi did not increase (Bulluck

and Ristaino, 2002).

Although most field studies on effects of animal wastes on

fungi in soil were conducted as controlled experiments with

replicated plots, in two instances, evaluations were performed

in situations that corresponded more closely to commercial

conditions. Parham (2003) evaluated plots to which cattle

manure had been applied for over a century; application of

manure increased populations of bacteria but not fungi in soil

relative to inorganic fertilizers. Acosta-Martinez and Harmel

(2006) applied poultry litter to whole pastures and cultivated

fields by conventional agricultural practices; bacteria

increased at low rates of litter application, but fungi, as

determined by fatty acid levels, increased only at the highest

rates.

Although animal wastes usually are not known to strongly

affect total fungal populations in soil, numerous reports have

described the inhibition and even eradication of a wide range

of individual, plant pathogenic fungi in soil by application of

animal wastes and other organic amendments as biocontrol

materials (e.g., Conn et al., 2005; Weller et al., 1988; Aryantha

et al., 2000). Mechanisms of inhibition usually involve

stimulation of antagonistic or mycoparasitic bacteria and

fungi by the applied materials (Weller, 1988), but they also may

involve direct release of toxic compounds such as ammonia

and volatile fatty acids (Conn et al., 2005). Soils in which such

suppression of pathogens or diseases occurs either naturally

or after application of organic amendments are often referred

to as ‘‘suppressive soils’’ (Hornby, 1983; Weller, 1988).

Inhibition of fungal diseases in soil also may be caused by

forms or levels of macro- and micronutrients (Engelhard,

1989), and such inhibition is sometimes considered to

represent soil suppressiveness.

Commercial applications of animal wastes to agricultural

crops are performed in order to rapidly dispose, at minimal

expense, large quantities of manure that are generated daily at

production sites. This commercial waste disposal may create

environmental conditions that are more unique, harsh,

variable, and extreme than would occur in most experimental

situations. For swine waste in particular, manure is disposed

by daily washing from production houses into anaerobic

holding lagoons, and the resulting liquid slurries are then

sprayed repeatedly over the same pastures throughout the

growing season for many years by center-pivot, overhead

irrigation (King et al., 1990).
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Features and consequences of commercial swine waste

application that are likely to differ from experimental

applications of solid animal wastes include the following:

(1) most N in manure is lost as a result of volatilization of

ammonia from the liquid suspension before and shortly after

waste application (Al-Kaisi and Waskom, 2002); (2) nutrients

from liquid waste applications may be imbibed immediately

into dry soil, or washed and leached from saturated soil,

without more long-term, slow release as occurs during

decomposition of solid waste; (3) potential use of swine waste

as a substrate for colonization and increase by soil fungi does

not exist with liquid slurries; (4) repeated, long-term applica-

tion of liquid swine waste to soils for many years results in

abnormally high levels of P, K, and Mg, and imbalances in soil

nutrient profiles (King et al., 1990; Pierzynski et al., 2000). Any

of these conditions might affect population levels, activity,

and survival of microorganisms differently in soils that receive

commercial swine waste applications than in controlled

experimental applications.

Soil fungi are involved in numerous activities related to

nutrient cycling, plant growth, and plant health (Christensen,

1989; Pierzynski et al., 2000). These include decomposition of

organic matterwithreleaseofsolublenutrients (Freyetal., 2003;

Pierzynski et al., 2000), solubilization of nutrients from minerals

(Asea et al., 1988), translocation of elements and nutrients

within the soil profile and from soil to plants (Christensen 1989;

Frey et al., 2003), uptake of nutrients and incorporation into the

fungal biomass (Frey et al., 2003), creation of secondary soil

structure (Frey et al., 2003; Pierzynski et al., 2000), and causation

and suppression of disease in plants (Englehard 1989; Weller

et al., 1988). Therefore, factors that affect populations and

activities of fungi in soil may significantly affect soil productiv-

ity and environmental quality.

The extent to which the unique conditions that result from

commercial swine waste disposal affect soil fungi and other

microorganisms is largely unknown. Therefore, this study was

undertaken to determine: (1) whether commercial swine

waste applications negatively impact population levels of

total culturable fungi or randomly selected groups in a manner

comparable to their effects on soil nutrient composition; (2)

whether population levels of soil fungi are related to

abnormally high soil nutrient concentrations caused by

commercial swine waste applications; and (3) whether

discrepancies exist between results obtained from commer-

cial swine waste disposal and animal waste applications

performed under experimental controlled conditions.
2. Materials and methods

2.1. Swine waste application sites and collection
of soil samples

Soil samples were collected from three commercial swine

farms in northeast Mississippi (Pratt, 2006). Site 1 was located

in Clay County, MS, on an Ora loam (fine-loamy, siliceous,

semiactive, thermic Typic Fragiudult); Site 2 was located in

Lowndes County on a Brooksville silty clay (fine, smectitic,

thermic Aquic Chromudert); Site 3 was located in Chickasaw

County on an Atwood silt loam (fine-silty, mixed, thermic
Typic Paleudolf. At each site, swine waste was applied to

mixed-grass pastures of bermudagrass (Cynodon dactylon [L.]

Pers.), johnsongrass (Sorghum halepense [L.] Pers.), dallisgrass

(Paspalum dilatatum Poir.), bahiagrass (P. notatum Flugge),

broadleaf signalgrass (Brachiaria platyphylla [L.]Beauv.), yellow

foxtail (Setaria glauca L.), and other minor grasses and

broadleaf weeds. On all sites, waste was washed from swine

production houses into holding lagoons, and liquid slurries

from these were applied to pastures in fixed patterns by

overhead, center-pivot irrigation 1–3 times weekly or more

from May to October. All pastures also contained areas with

the same soil types and vegetation that were located beyond

spray patterns and remained free of applied swine waste.

Areas of pastures with and without applied swine waste were

cut for hay at the same times and otherwise received the same

management practices.

Soil samples were collected from the three sites both early

(June) and late (September–October) in the summer growing

season in 2003, 2004, and 2005. Swine waste was applied

intermittently at all sites during these times. In each sampling

event, samples of topsoil approximately 1.5–2 l in volume were

taken from the upper 15 cm of soil within 0.5 m2 areas at 5

randomly selected points beyond the zone of waste applica-

tion and at 5 points within it. All sampling points were 15–30 m

or more apart. Locations of sampling points were not precisely

defined but were described generally according to landmarks

in and around pastures; consequently, all comparable samples

are believed to have originated at points within the same areas

of approximately 25–50 m2 at all six sampling times during the

study. Samples were spread on a greenhouse bench, air-dried

to 10–13% moisture content, and stored in sealed plastic bags

at room temperature for up to 2 weeks prior to assay of fungal

population levels.

2.2. Determination of fungal population levels and
nutrient concentrations in soil

Population levels of total culturable fungi in each soil sample

were estimated by dilution plating on agar. Portions of soil

equivalent to 10 g oven-dry weight were mixed in 90 ml sterile

distilled water and diluted serially at 1/10 dilutions with sterile

distilled water, after 20 min stirring at each dilution, to a

concentration of 10�3 g soil/ml suspension. Aliquots of 0.1 ml

were then streaked evenly over surfaces of three agar plates,

and plates were inverted on a laboratory bench at 23–25 8C.

Soil dilution plating was performed with unamended

potato dextrose agar (PDA) (Difco Laboratories, Detroit, MI)

in 2003 and on Sabouraud’s agar + chloramphenicol (SAC)

(Remel, Inc., Lexia, KS) in 2005. In 2004, plating was performed

on both PDA and SCA. When soil suspensions were plated on

PDA, surfaces were washed free of bacteria after 3 days by

gently rubbing under running tapwater. Fungal colonies

growing in agar then were observed under a dissecting

microscope at 10–30�. Colonies were marked at 3, 4, and 5

days, and total colonies were recorded at 5 days. Fungal

colonies on SAC were marked and recorded in a similar

manner without washing the surface of agar.

Population levels of 6 individual fungal species or groups

that formed distinctive and consistently recognizable colo-

nies, on the basis of coloration, morphology, and sporulation,
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on SAC (Aspergillus spp. [A. niger group], Penicillium purpur-

ogenum Stoll, Fusarium oxysporum Schlecht. Emend. Sny.

&Hans., F. semitectum Berk. & Rav., Fusarium sp., Trichoderma

spp.) also were determined by soil dilution plating. Equal

quantities of the 5 soil samples of each waste treatment,

collected at each sampling event, were mixed to produce a

composite soil sample. Three experiments to assay population

levels then were performed with each of the 36 composited

samples (18 sampling events � 2 waste treatments). Popula-

tion levels of each fungal taxon or group in each sample were

assayed on 3 plates of SAC in each of the 3 experiments.

Total concentrations of 10 macro- and micronutrients and

elements were determined in each of 180 soil samples.

Concentrations of total N were determined by Dr. T.E.

Fairbrother and M. Hardy with a Thermoquest C/N analyzer

(C.E. Elantec, Lakewood, NJ). Total concentrations of all other

elements were determined by Dr. Fairbrother with an

inductively coupled dual axial argon plasma spectrophot-

ometer (ICP) (Therma-Jarrell-Ash model 1000, Franklin, MA).

2.3. Statistical methods

Mean population levels of total fungi in 5 samples of soil with

and 5 without applied swine waste from each of 18 sampling

events (3 years � 2 seasons� 3 locations) were evaluated for

significant differences at P = 0.05 by t-tests with the Microsoft

Excel program. Significance of main effects and interactions of

year, time, and waste treatment were determined by factorial

analysis of varianceaccording toprocedures describedbySteele

and Torrie (1960). For 6 individual fungal taxa, mean population

levels observed in 3 individual experiments with composited

samples of waste-treated and untreated soils from each

sampling event were used as replicates in t-tests to evaluate

significance of differences between the waste treatments.

Mean concentrations of 10 nutrients and elements, observed

in5 individual samplesof waste-treated and untreated soil from

each sampling event, were compared by t-tests at P = 0.05.

Linear correlations between total fungal population levels and

concentrations of the nutrients and elements in 10 soil samples

across waste treatments at each sampling event wereevaluated
Table 1 – Population levels of individual groups, genera, or spe
collected from commercial cotton farms during eighteen samp

Fungalgroup,
genus, or speciesb

Range of mean population
levelsc (cfu/g soil � 10�4)

(+)

Fusarium oxysporum 0.00–5.67

F. semitectum 0.11–3.89

F. sp. 0.00–1.22

Penicillium purpurogenum 0.00–2.67

Trichoderma spp. 0.00–1.33

Aspergillus spp. (black-spored)e 0.00–0.78

a 18 sampling events = 3 farms � 3 years � 2 seasons.
b Fungi selected randomly based on formation of distinctive colonies th
c cfu = colony-forming units. Each value is the mean number of colonie

from a single sampling event.
d Significance based on t-tests of population levels in 3 dilution series fr
e Black-spored species in toto.
atP = 0.05. Consistency ofresults obtained for fungalpopulation

levels on the two different agar media in 2004 also was

evaluated by linear correlation.
3. Results

3.1. Population levels of total culturable filamentous
fungi and seven taxa in soils

Colonies of most fungi on SAC were well-defined, dense, with

a wide range of colors and hues, and often with frequent to

profuse sporulation. Most commonly 10–30 colonies were

recorded on each plate. Colonies of bacteria and actinomy-

cetes were absent or few and small on SAC. On PDA, colonies

of bacteria were larger and more numerous; these sometimes

limited development of surface mycelium, but fungal growth

within the agar could be observed after bacteria were removed

by washing.

Mean population levels of total culturable fungi observed in

soil samples with and without applied swine waste in the 18

sampling events ranged from 2.80–42.27 � 104 colony-forming

units (cfu)/g of soil when assayed on the SAC medium. These

means differed significantly between soils of the two waste

treatments in only 2 of the 18 sampling events from early 2004

(data not presented). When mean fungal population levels in

soils with and without swine waste at each site were used as

replicates in factorial analysis of data, significant (P = 0.05)

variation was attributed to years but not to sampling times,

waste treatments, or interactions. In 2004, when assays were

performed on both SAC and PDA, mean population levels

observed across sites were consistently 8–20% higher on PDA

than on SAC. Results for 30 individual soil samples assayed

with these two media were highly significantly correlated

(P < 0.01) across sites and waste treatments both early and late

in the year (r = 0.71 and 0.72, 28 d.f., respectively).

Mean population levels of the six fungal groups and taxa

observed in composited soil samples, with and without

applied swine waste, over 18 sampling events and three

dilution series, were 0–5.67 � 104 cfu/g (Table 1). For each
cies of fungi in soils with and without applied swine waste
ling eventsa

Number of sampling events with significant
(P = 0.05) differences between treatmentsd

-waste soil > (�)-waste soil (�)-waste soil > (+)-waste soil

1 1

0 1

1 1

1 1

0 1

0 1

at were consistently recognizable on soil dilution plates.

s observed on 3 replicate plates in each of 3 dilution series with soil

om (+)- and (�)-waste soils at each sampling event.



Table 2 – Concentrations of nutrients and elements in soils with and without applied swine waste collected from
commercial swine farms during eighteen sampling eventsa

Element Unit Range of mean
concentrationsb

Number of sampling events with significant
(P = 0.05) differences between treatmentsc

(+)-waste soil > (�)-waste soil (�)-waste soil > (+)-waste soil

N g/kg (0.1) 0.72–3.41 1 0

P g/kg (10) 0.01–0.27 18 0

K g/kg (10) 0.05–2.10 18 0

Na g/kg (10) 0.02–0.58 18 0

Mg g/kg (10) 0.01–0.24 14 0

Cu mg/kg (10) 0.13–5.29 6 2

Zn mg/kg (10) 2.16–9.82 6 1

Mn mg/kg 3.28–20.42 0 4

Ca g/kg (10) 0.70–5.56 2 0

Fe mg/kg (0.1) 1.38–3.59 0 0

a 18 sampling events = 3 farms � 3 years � 2 seasons.
b Values are mean concentrations of nutrients and elements determined in 5 replicate soil samples. N concentrations were determined with a

ThermoQuest C/N analyzer (CE Elantec, Inc., Lakewood, NJ); all other elements were determined with an ICP spectrophometer (Thermo Jarrell-

Ash Model 1000, Franklin, MA).
c Significance based on t-tests of differences between concentrations in 5 replicate samples from (+)- and (�)-waste soils at each sampling

event.
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group of fungi, population levels differed significantly

between soils of the two waste treatments in no more than

one or two of the 18 sampling events. For all six fungal groups,

significant differences in population levels between the waste

treatments were observed in only 9 of 108 possible instances

(18 sampling events � 6 fungal groups). In 2 of these instances,

population levels were higher in soils with applied waste, and

in 6 they were higher in soils without it (Table 1).

3.2. Concentrations of 10 nutrients and elements in
soil and relationships to fungal population levels

Major and significant differences in concentration between

waste-treated and untreated soils were observed for some of

the 10 elements assayed, while few or no differences were

observed for others. The greatest and most consistent

differences occurred with P, K, and Na. Concentrations of

each of these elements were significantly greater in waste-

treated than in untreated soils in all 18 sampling events

(Table 2), and magnitudes of increases ranged up to 8-, 15-, and

4-fold for P, K, and Na, respectively. Concentrations of Mg were

significantly greater in waste-treated soils in 14 sampling

events with up to a 22-fold increase over concentrations in

untreated soils. Concentrations of Zn and Cu were commonly

but not consistently greater in waste-treated soils (seven and

six sampling events, respectively); concentrations of C, Ca,

and N were occasionally greater (two, two, and one sampling

events, respectively), and concentrations of Fe and Mn were

never greater. In 2, 4, and 1 of 18 sampling events with Cu, Mn,

and Zn, respectively, concentrations in untreated soils were

significantly greater than in waste-treated soils (Table 2).

Among the 18 sets of 10 soil samples, that included both

waste-treated and untreated soils collected at each sampling

event, total fungal population levels were significantly

(P = 0.05) correlated with soil nutrient levels in only 13 of

180 possible instances (18 sampling events � 10 nutrients).

Twelve of these significant correlations were positive and one

was negative. Fungal population levels were positively
correlated with concentrations of N, K, and Fe in two sampling

events, and with concentrations of C, Mg, Na, P, Mn, and Zn in

one sampling event each. Also in one sampling event, fungal

population levels were negatively correlated with concentra-

tions of Zn.
4. Discussion

Results of this study demonstrate that repeated commercial

applications of liquid swine waste to pasture soils on three

farms in Mississippi for 8 or more years prior to assay did not

negatively impact population levels of total fungi or six

randomly selected groups and species. This conclusion is

based upon the fact that few significant differences in

population levels of either total culturable fungi, or the

individual groups and species, were ever observed between

soils that received frequent overhead applications of liquid

swine waste throughout each summer growing season, and

adjacent soils that received no waste applications. When

significant differences were observed in some sampling

events, higher levels were found in both the waste-treated

and untreated soils (Table 1). Therefore, these results indicate

that the well-known, strong impacts of commercial swine

waste disposal on soil nutrient contents and water quality

(King et al., 1990; Sharpley et al., 1999) are not paralleled by

comparable effects on soil fungal populations. Results further

indicate that negative effects of swine waste applications on

survival of specific plant pathogenic fungi in soil, as observed

previously (Conn et al., 2005; Pratt, 2006), do not indicate any

broader inhibitory effects on soil fungi in general. Results of

this study are unique in that they were obtained under

variable and extreme conditions of commercial swine waste

disposal rather than from more uniform and moderate

conditions of most controlled experiments.

Although results of this study indicate few significant

effects of commercial swine waste disposal on fungal

population levels in soil, these results may not be entirely
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conclusive because many of the fungi assayed were relatively

fast-growing, heavily sporulating organisms that commonly

colonize organic matter in soil. Several individually assayed

fungi (e.g., Aspergillus spp., Trichoderma spp.) may fall in this

category. If such fungi do predominate on isolation plates,

then more rare, slow-growing, and weakly sporulating

organisms may be under-represented in colony counts. Such

fungi may have contributed to higher colony counts observed

on PDA than on SAC in 2004 as a result of suppression of the

fast-growing species by bacterial antibiosis, which in turn

reduced their tendency to overgrow and obscure other, more

slow-growing and infrequent fungi.

Most previous studies of fungal populations, biomass, or

activity in animal waste-amended soils have not evaluated

concentrations of the full array of macro- and micronutrients

present in soil and their relationships to parameters of fungal

populations. In this study, where total concentrations were

evaluated, the well-known effects of long-term commercial

swine waste applications on soil nutrient composition (King

et al., 1990; Pierzynski et al., 2000) were again clearly

illustrated. In all 18 sampling events, levels of P, K, and Na

were significantly greater in waste-treated than in untreated

soils, and magnitudes of increases ranged up to 4–15-fold.

Levels of Mg were similarly greater in 14 sampling events with

up to a 22-fold increase (Table 2). However, these major

differences in concentrations of nutrients in soil did not affect

fungal population levels as indicated by few significant

differences between (+)- and (�)-waste treatments, and by

few significant correlations of fungal population levels with

concentrations of any individual nutrients.

Possibly one significant relationship between soil nutrients

and fungal population levels in this study might have involved

N. In contrast to P and K, levels of N differed significantly

between (+)- and (�)-waste soils in only 1 of 18 sampling

events (Table 2). This near absence of differences in N contents

of soils might possibly be related to the near absence of

differences in fungal population levels. The absence of

increased N in waste-treated soils likely resulted from its

loss to ammonia volatilization prior to, during, and after

application of liquid swine waste to soil (Al-Kaisi and

Waskom, 2002; Whitehead and Cotta, 2004). Results of several

other studies indicate or suggest that parameters of fungal

populations in animal waste-amended soil may be positively

related to N contents (Larkin et al., 2006; Schnürer et al., 1985),

but others did not indicate such relationships (Acosta-

Martinez and Harmel, 2006; De Vries et al., 2006; Entry et al.,

1997; Marschner et al., 2003). If the occurrence of few

differences in both fungal population levels and certain

nutrient concentrations may be related, then Ca and Fe would

also have to be considered, along with N, for such potential

relationships with soil fungal populations (Table 2).

One purpose of this study was to determine whether

discrepancies exist between results on fungal population

levels in soils where swine wastes were applied commercially,

and soils to which animal wastes were applied in controlled

experiments. Some discrepancies are apparent between

results from the commercial and experimental situations,

but those are not consistent because results and conclusions

from the different controlled experiments with animal wastes

themselves were inconsistent. Applications of liquid swine
and dairy manure to soils in the laboratory increased fungal

population levels (Larkin et al., 2006), and applications of

poultry litter and farmyard manure to field plots increased

fungal parameters over controls (Acosta-Martinez and Har-

mel, 2006; Schnürer et al., 1985). However, other studies in the

laboratory and field indicated no responses of fungal para-

meters to applied animal wastes (Bulluck and Ristaino, 2002;

Entry et al., 1997) or even negative responses (Bittman et al.,

2005; De Vries et al., 2006). In two studies that involved long-

term prior applications of animal wastes to soil, no positive

responses of fungal parameters were observed (Marschner

et al., 2003; Parham, 2003). In one specific comparison, Bulluck

and Ristaino (2002) observed no significant increases in total

fungal population levels after solid swine waste was applied to

field plots while populations of Trichoderma spp. did increase.

In this study, no significant increases in Trichoderma popula-

tions were observed with the commercial swine waste

applications. In general, results of experimental studies in

which fungal parameters were evaluated only after repeated,

long-term applications of animal wastes to soil appear to

correspond most closely to results of this study in which the

same kind of situation was represented.

Bacteria were not evaluated in this study, so their possible

responses to commercial swine waste applications remain

undetermined. However, bacteria in holding lagoons and soil

may have exerted a major influence on results because these

are known to convert nitrogenous compounds in animal

wastes into ammonia which is lost to volatilization (White-

head and Cotta, 2004). Therefore, it appears likely that the

absence of differences in N contents of soils observed in this

study, and any possible relationships of those to fungal

population levels, may have resulted from enzymatic action of

bacteria that removed N from liquid swine waste before,

during, and after its application to soil.

Overall results of this study indicate that culturable fungi

comprise a highly stable component of the soil microflora

because their population levels are not positively or negatively

impacted by commercial swine waste disposal or the major

differences in soil nutrient concentrations that result from it.
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